Abstract Snow accumulation and melt patterns play a significant role in the water, energy, carbon, and nutrient cycles in the montane environments of the Western United States. Recent studies have illustrated that changes in the snow/rainfall apportionments and snow accumulation and melt patterns may occur as a consequence of changes in climate in the region. In order to understand how these changes may affect the snow regimes of the region, the current characteristics of the snow accumulation and melt patterns must be identified. Here we characterize the snow water equivalent (SWE) curve formed by the daily SWE values at 766 snow pillow stations in the Western United States, focusing on several metrics of the yearly SWE curves and the relationships between the different metrics. The metrics are the initial snow accumulation and snow disappearance dates, the peak snow accumulation and date of peak, the length of the snow accumulation season, the length of the snowmelt season, and the snow accumulation and snowmelt slopes. Three snow regimes emerge from these results: a maritime, an intermountain, and a continental regime. The maritime regime is characterized by higher maximum snow accumulations reaching 300 cm and shorter accumulation periods of less than 220 days. Conversely, the continental regime is characterized by lower maximum accumulations below 200 cm and longer accumulation periods reaching over 260 days. The intermountain regime lies in between. The regions that show the characteristics of the maritime regime include the Cascade Mountains, the Klamath Mountains, and the Sierra Nevada Mountains. The intermountain regime includes the Eastern Cascades slopes and foothills, the Blue Mountains, Northern and Central basins and ranges, the Columbia Mountains/Northern Rockies, the Idaho Batholith, and the Canadian Rockies. Lastly, the continental regime includes the Middle and Southern Rockies, and the Wasatch and Uinta Mountains. The implications of snow regime classification are discussed in the context of possible changes in accumulation and melt patterns associated with regional warming.
Introduction
Climatic conditions vary significantly from maritime to continental climates with strong gradients in precipitation, temperature, and seasonality. These differences strongly influence snow accumulation and snowmelt patterns in the Western United States and other mountainous regions globally. For example, winter precipitation in coastal regions of the Western U.S. is strongly influenced by atmospheric rivers (AR's), with differences in frequency of winter AR's from north to south [Neiman et al., 2008; Guan et al., 2010] . On the other hand, winter precipitation patterns in the continental regions are generally influenced by the El Nino Southern Oscillation [McCabe and Dettinger, 1999] and by land-atmosphere interactions [Rasmussen et al., 2011] . Such differences lead to marked variability in snow accumulation between maritime and continental regions. Similarly, winter and spring air temperatures are warmer in maritime versus continental climates leading to differences in snowpack microstructure [Sturm et al., 1995] , snowpack cold content, and the timing and magnitude of snowmelt [Gray and Male, 1981] . Characterizing these differences is important for understanding socioecological response to changes in climate.
Identification of snowpack dynamics within climatic regimes is important for determining how changes in climate and land cover influence snow accumulation and snowmelt, as various perturbations and forcings may result in the crossing of thresholds whereby system behavior is significantly and indefinitely altered. As a top-down driver of hydrologic response to climate and land use change in mountainous regions, changes in snowmelt dynamics are difficult to diagnose absent a unifying framework to establish current regime behavior and therefore determine if snowpack conditions have changed in some manner. Drivers inducing 1 Water Resources Research PUBLICATIONS these changes include changes in snow surface albedo associated with changes in impurity concentrations [Painter et al., 2010] , changes in temperature associated with regional warming [Stocker et al., 2013] , changes in interception and surface-atmosphere energy exchange associated with fire [Harpold et al., 2013] , and insect and climate-related forest mortality [van Mantgem et al., 2009; Pugh and Gordon, 2012] . Snowmelt response to these perturbations in turn impacts regional climate via the snow-albedo feedback [Hall and Qu, 2006; Flanner et al., 2011] and via changes to sensible and latent heat fluxes associated with snowmelt controls on soil moisture [Molotch et al., 2009] . Identification of snow regimes also provides a framework for cross-site comparisons [Marks and Winstral, 2001] , observation network design [Molotch and Bales, 2005] , and model comparison studies [Rutter et al., 2009 ]-all of which have general hydrologic applicability [Wagener et al., 2007] .
Comparative studies from different environments are common in the literature [e.g., Molotch et al., 2009; Rutter et al., 2009; Tague and Dugger, 2010] but similar to the catchment hydrology community, lacking is a unifying classification framework to facilitate meaningful and efficient cross comparisons [Wagener et al., 2007] . Identification of snow regimes is therefore critical for establishing a baseline for these comparative studies.
The basis for identifying snow regimes relates to the prevailing precipitation, temperature, and other climatic parameters from site to site. Within the Western U.S., these climatic variables change from maritime to continental climates, yet the nature at which these climatic differences reveal themselves in the snow observational record has been limited to analyses of precipitation and SWE [Serreze et al., 1999 [Serreze et al., , 2001 Knowles et al., 2006] . In particular, a detailed accounting as to how differences in climate across the region influence the shape of the snow water equivalent curve (i.e., the time series of SWE across the snow season including accumulation and ablation) has been lacking.
A time series plot of continuously measured SWE (hereafter referred to as the SWE curve) often takes on a shape in which certain proportions of the curve are generally maintained from year to year, and in some cases, from place to place. For example, a relatively shallow accumulation slope occurs until a maximum SWE value is reached, followed by a steeper decrease in SWE indicating higher snowmelt versus accumulation rates (e.g., Figure 1 ). Such representation can be compared to that of a river hydrograph following a precipitation event, for which a simplified representation was proposed by Rodr ıguez-Iturbe et al. [1979] . Their representation uses a set of metrics to represent a triangular shape in which the commencement of the rising limb, peak streamflow, and the end point of the falling limb of the hydrograph are represented. Similarly, a simplified representation can be explored for the SWE curve. The overarching objectives of this study are to determine if there is any proportionality in the snow water equivalent curve on the basis of hydrologically relevant metrics of the SWE curve, and if different regions exhibit differences in the Figure 1 . Daily snow water equivalent curve for an accumulation and melt season displaying a sketch of the basic metrics that can be used to characterize snowpack dynamics at a particular station. Metrics (1), (2), and (3) mark the day of initial snow accumulation, peak SWE, and snow disappearance, respectively. Metric (4) marks the peak SWE value. A and B indicate the accumulation and melt seasons, respectively. characteristics of the SWE curve on the basis of these metrics. These objectives are addressed through the analyses of (a) the proportionality of the SWE curve based on the interrelationships between the length of the accumulation and snowmelt seasons, peak SWE, and snow season duration, all of which fully characterize the triangle in Figure 1 , (b) the interrelationships between the dates of initial accumulation, peak SWE and disappearance, maximum accumulation, and ablation slope, (c) regional differences in accumulation dynamics, and (d) regional differences in ablation dynamics.
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Methods and Data
The data set used compiles the daily time series of SWE measured at Snowpack Telemetry (SNOTEL) snow pillow stations managed by the United States Natural Resources Conservation Service (NRCS), and SWE observations from snow pillow stations managed by the California Department of Water Resources. The analyses focus on a set of metrics of the SWE curve to characterize the important characteristics of the time series. In this regard, we simplify the SWE curve as a triangular shape in which the vertices of the triangle represent metrics that are of particular relevance for hydrologic purposes (Figure 1 ). The first four metrics define the vertices of the triangle: (1) the day of water year (DOWY) of initial snow accumulation; (2) DOWY of peak SWE; (3) DOWY of snow disappearance; and (4) peak annual SWE. Metrics 5-7 are then derived from the triangle: (5) the length of the snow accumulation season-i.e., the difference between (1) and (2) above; (6) the length of the snowmelt season-i.e., the difference between (2) and (3) above; and (7) the ablation slope, obtained by dividing the peak SWE value (metric 4) by the length of the snowmelt season (metric 6).
All snow pillow stations in the Western U.S. were initially compiled, processed, and visually inspected to evaluate the quality of the record. The resulting data set includes 766 stations, with period of record between 1964 and 2009, with a sharp increase in available stations starting in the early 1980s. The resulting data set includes 18,759 station-years. The stations were organized in subgroups using the boundaries of the Commission for Environmental Cooperation (CEC) Ecological Regions of North America, Level III [Commission for Environmental Cooperation, 2009, available at http://www.epa.gov/wed/pages/ecoregions/na_ eco.htm] (Figure 2 ). These boundaries were delineated in a holistic and comprehensive manner according to seven categories that include location, climate, vegetation, hydrology, terrain, wildlife, and land use, separating regions with the amount of detail desired for our analysis. These ecoregion boundaries were used with a slight modification of the boundary of the North Cascades ecoregion, for which the area and stations located north of the Columbia River originally within the Cascades ecoregion were reclassified as part of the Northern Cascades to increase the sample size for this region and to split the available information more uniformly across the Pacific Northwest. 
Results
Proportionality of the Snow Water Equivalent Curve
We characterize the proportionality of the SWE curve by looking at the relationships between the length of the snow accumulation season (metric 5) versus peak SWE (metric 4) (Figure 3a) , length of the snowmelt season (metric 6) versus peak SWE (metric 4) (Figure 3b) , length of the snowmelt season (metric 6) versus length of the snow accumulation season (metric 5) (Figure 3c ), and the total snow season duration (i.e., the sum of metrics 5 and 6) versus peak SWE (metric 4) (Figure 3d ). These relationships are equivalent to analyzing the proportions of a triangle separated in two as in Figure 1 , with the portion ''A'' representing the accumulation season and portion ''B'' representing the melting season. Mean accumulation season length as a function of peak SWE (red squares in Figure 3a with linear regression slopes b 1 and b 2 for the lower and higher peak SWE values, respectively) show a steep increase in accumulation season lengths following a slope of 6.6 d/cm below 23 cm of SWE (intersect between the b 1 and b 2 slopes), and a much milder slope of 0.2 d/cm for the higher peak SWE values. The intersect of the two slopes will be used hereafter as a quantitative measure of the change in the relationships between metrics where appropriate, following the nomenclature of b 1 and b 1 as the slopes of the regression lines in the lower and higher range of the metric in the x axis. Also, years with the largest snow accumulations do not correspond with the longest accumulation seasons or the longest ablation seasons. The longest accumulation seasons are found for peak SWE values between 50 and 150 cm SWE, while the longest snowmelt 
Relationships Between the Timing and Magnitude of Snow Accumulation and Snowmelt
Similar to the proportionality analysis above, we look at the relationships between the metrics associated with the timing (DOWY) of initial accumulation, peak accumulation, and snow disappearance versus peak accumulation and ablation slope. With these comparisons, we show the relationships between temporal metrics of the SWE curve and the two most hydrologically relevant metrics, i.e., peak snow accumulation and average snowmelt rate. These comparisons include the DOWY of initial accumulation versus peak SWE (Figure 4a ), DOWY of peak SWE versus peak SWE (Figure 4b ), DOWY of disappearance versus peak SWE (Figure 4c ), and DOWY of peak SWE versus the ablation slope ( Figure 4d ).
Mean dates of initial accumulation decrease with Peak SWE following a linear slope (b 1 ) of 23.6 d/cm below 22 cm of SWE (intersect), above which the date of initial accumulation decreases at a rate of only 20.03 d/ cm (b 2 ), indicating little change in the mean dates of initial accumulation for the deeper snowpacks ( Figure  4a ). Similar relationships but opposite in sign are observed for both the mean dates of peak SWE and disappearance as a function of peak SWE (Figures 4b and 4c ). Mean dates of peak accumulation increase rapidly with peak SWE following a slope of 3.1 d/cm (b 1 ) for shallower snowpacks (<23 cm SWE based on the intersect of the regression lines with slopes b 1 and b 2 ), above which the relationship converges to a slope of 0.1 d/cm, again illustrating a weak relationship between dates of maximum accumulation and peak SWE for deeper snowpacks. Similarly, dates of disappearance increase with peak SWE following a steep slope of 4.5 d/cm below 23 cm SWE (intersect), converging gradually to a slope of 0.3 d/cm at about 50 cm SWE. Lastly, mean dates of maximum accumulation displays a similar relationship with ablation slope, with a rapid Regarding the variability of around the average behavior, initial accumulation, peak accumulation, and snow disappearance occur over a wide range of dates between early October to June for shallower snowpacks (<23 cm SWE; Figures 4a-4c ). These shallower snowpacks also have shorter snow accumulation and snowmelt seasons and in consequence, short snow cover duration. These snowpacks are generally located at lower elevations and/or in regions with discontinuous snow cover that undergo several accumulation and melt cycles during the winter months (e.g., Arizona/New Mexico). Such accumulation and melt cycles lead to wide ranges in the timing of the main SWE curve; example SWE curves are shown in Figure S1 (see supporting information). Note that the metrics in this analysis are obtained for the main SWE curve; i.e., the curve for which the peak annual SWE occurs. However, for station-years with intermittent snow cover, there may be several snow accumulation and melt cycles prior to and/or after the main SWE curve which are not accounted for in this analysis. Deeper snowpacks (Peak SWE > 23 cm) start accumulating between mid-September and mid-December, with only a few examples accumulating between mid-December and February toward the lower end of the peak SWE range between 23 and 50 cm. The deepest snowpacks (peak SWE > 150 cm) start accumulating during a narrower range between the beginning of October and the end of November ( Figure  4a ). Similarly, for these deeper snowpacks, the peak is reached over a wide range of dates between midFebruary and the end of May. The scatter plot also shows that the deepest snowpacks can last until early to mid-August. Lastly, snowpacks that reach peak values later in the year melt faster, as indicated by the higher ablation slopes in Figure 4d . This observation is particularly important for hydrologic, ecological, and geomorphological purposes, as higher melt rates indicate a faster release of meltwater with implications for flood risk, groundwater recharge, mineral weathering, plant water availability, and nutrient cycling.
Regional Differences in Accumulation Dynamics
Here we focus on the length of the accumulation season, and the peak SWE values to represent water storage in the snowpack. When the year-pairs within each of the ecoregions are highlighted within the pointcloud in Figure 5 , three subgroups/regimes emerge which correspond remarkably well with the climatic regimes in the Western U.S.: a maritime, an intermountain, and a continental regime. The ecoregions in the maritime regime exhibit the largest snow accumulations, reaching values as high as over 300 cm of SWE, and the shortest snow accumulation season lengths with the majority of values below 220 days (e.g., the Northern Cascades and Sierra Nevada Mountains in Figures 5a and 5b, respectively) . As a result, the maritime point-cloud occupies the lower-right portion of the comprehensive point-cloud. The distribution of the points can be better observed in the inset boxes located in the lower-right quadrant of the plots in Figures regression lines is located at 26 and 22 cm in Figures 5c and 5d , respectively. Regions showing this pattern include the Eastern Cascades slopes and foothills, the Blue Mountains, Northern and Central basins and ranges, the Columbia Mountains/Northern Rockies, the Idaho Batholith, and the Canadian Rockies ( Figure  S4 ). The metrics from the stations in Arizona/New Mexico region do not show the characteristics of the regimes above because of the intermittent and shallow snowpacks of the region ( Figure S5a ). This shallow and intermittent snowpacks do not have a clear initial, peak, and meltout dates in the sense analyzed here because the snow cover results from individual or closely occurring snow storms whose timing, magnitude, and duration and meltout are strongly controlled by the meteorological conditions of the region during the winter and spring seasons.
Regional Differences in Ablation Dynamics
Similarly, we characterize the ablation period by analyzing the relationship between the ablation slope and the timing of peak SWE, which we treat as an indicator of the onset of the snowmelt season. Regional patterns also emerge when the different regions are highlighted. Maritime regions show earlier onsets of the snowmelt season and higher ablation slopes reaching values as high as 6 cm/d, occupying the upper-left portion of the point-cloud (e.g., the North Cascades and Sierra Nevada Mountains in Figures 6a and 6b , respectively). On the other hand, the continental regions exhibit later snowmelt season onsets and lower ablation slopes below 4 cm/d, occupying the lower-right portion of the point-cloud (e.g., the Middle and Southern Rocky Mountains in Figures 6e and 6f, respectively) . Once again, the intermountain region is located between these two patterns (e.g., the Blue Mountains and the Northern Basin and Range in Figures  6c and 6d, respectively) , and the metrics of the Arizona/New Mexico region do not show the characteristics of the regimes above because the intermittent and shallow snowpacks of the region lead to several accumulation and melt cycles that are difficult to characterize using the metrics studied here ( Figure S5b ). Figures S6, S7, and S8 show the highlighted point-clouds for all the ecoregions in the maritime, continental, and intermountain regimes, respectively, along with the respective locations across the Western U.S.
Discussion
Causal factors regarding the differences in snow accumulation and snowmelt metrics within the different regions are highly variable across the Western U.S. The gradients in snow accumulation dynamics from maritime to continental regions reflect winter precipitation patterns. Snow accumulation in maritime regions is dominated by land-reaching winter Atmospheric Rivers (AR's) events that deliver large amounts of snow over short periods of time (1-2 days), with moisture from the Pacific Ocean encountering the topographic barriers and undergoing orographic lifting [Neiman et al., 2008; Guan et al., 2010] . Winter atmospheric rivers have been shown to deliver 2-4 times as much SWE as normal non-AR storms in some areas of the Pacific Northwest [Neiman et al., 2008; Guan et al., 2010] , and ARs contribute between 25% and 50% of total seasonal SWE in some regions [Guan et al., 2010] . These large snowfall events allow for deep snowpack accumulation over shorter periods as indicated in Figures 5a and 5b . On the other hand, winter and spring precipitation in the continental regions is dominated by frontal storms associated with temperatures significantly below freezing and low-precipitation (PRE) intensities [Serreze et al., 1999] , leading to longer accumulation seasons (Figures 5e and 5f ). Moreover, SWE/PRE ratios are higher in the continental regions allowing for greater snow accumulation for a given amount of precipitation [Serreze et al., 1999] . The intermountain region lies in between because of moderate temperatures and reduced atmospheric water vapor concentrations associated with increased distances from the Pacific Ocean moisture source (Figures 5c and 5d ) [Serreze et al., 1999] .
Ablation dynamics are also markedly different from maritime to continental environments. Gradients in temperature, seasonality, solar irradiance, cloud cover, and precipitation patterns during the spring season are all primary controllers of the gradients illustrated in Figure 6 . In particular, air temperatures during springtime precipitation events can dramatically alter snow season length. Warmer maritime regions and lower elevations exhibit decreased SWE/PRE ratios in spring leading to earlier melt. Conversely, colder, continental regions and higher elevations exhibit greater SWE/PRE ratios in spring leading to later melt. In this regard, the onset of above-freezing temperatures in maritime regions generally occurs between March and April versus April and May in continental regions, and with intermountain regions in between [Serreze et al., 1999] . The effects of these temperature gradients from maritime to continental regions can be exacerbated by seasonality in precipitation, whereby continental regions have relatively high incidence of spring precipitation [Serreze et al., 1999] .
The relationships between melt rates and the timing of peak SWE are quite instructive of snowmelt processes. In this regard, years with later snowmelt occur at a time of year with higher solar elevations and therefore greater solar irradiance. The coupling of the greater atmospheric air temperatures with higher solar irradiance results in particularly high available energy at the snowpack atmosphere interface which drives the greater melt rates [Jepsen et al., 2012] . In warmer regions, rain-on-snow events, particularly toward the northern maritime regions, may also be important [McCabe et al., 2007] . It is important to note that detailed characterization of the mechanisms responsible for the gradients in the snow metrics is beyond the scope of this work.
In general, within each regime there is a clear trade-off between latitude and elevation. Southern versus northern regions show little differences in relationships between peak snow accumulation and snow accumulation season length ( Figure 5 ). Pearson correlation coefficients between the mean series of the maritime and continental example regions in Figure 5 (red dots in inset plots) are 0.96 and 0.98, respectively. Similarly, latitudinal differences in relationships between ablation slope and DOWY of peak SWE are not apparent ( Figure 6 ). Pearson correlation coefficients between the mean series of the maritime and continental sample regions in Figure 6 (red dots in inset plots) are 0.96 and 0.97, respectively. However, stations in the northern regions are located within lower elevation ranges with respect to those in the southern regions ( Figure S9 ). For example, stations in the Northern Cascades are located between 515 and 1980 m, with mean elevation of 1290 m, while stations in the Sierra Nevada are between 1570 and 3475 m, with mean elevation of 2455 m. These trade-offs are also seen in the timing of initial snow accumulation with only 7 days difference on average between the Sierra Nevada and Northern Cascades ( Figure S10 ). This trade-off is present in the three regimes (i.e., maritime, intermountain, continental) and helps to explain the relative consistency.
As regional warming continues, a shift toward earlier spring snowmelt is generally expected, especially at lower elevations where rainfall versus snowfall apportionments may be most sensitive to temperature increases [Barnett et al., 2005] . These changes would affect lengths of the accumulation and melting periods, and the snow cover duration. Similarly, snow accumulations may be significantly affected, which, depending on the direction of these effects, the changes in maximum accumulation may lead toward shorter accumulation and melt periods and faster melt rates. The metrics analyzed here provide a basis for establishing baseline system behavior whereby future changes in snowpack processes could be compared to.
The regional variations in the relationships described above can be used in a statistical framework to determine what type of regime exists at a particular measurement location according to the position of the year-pairs of some of the SWE metrics analyzed here (Figure 7 ). On this basis, a metric that indicates the likeliness that the year-pairs between two particular SWE metrics belong to a given regime can be defined based on the average probability density of the year-pairs when plotted in the pdf's in Figure 7 . For the accumulation dynamics, the procedure can described as follows: the scatter points from a measurement location (e.g., a snow pillow station) for which there are N year-pairs of accumulation season length versus peak SWE can be plotted in Figure 7a to obtain N probability density values, one for each point (i.e., value of the probability density that the point lies on). From these values, an average probability density for the location can be obtained as
where PD regime stands for the average probability density at a given location for a given regime (i.e., maritime, intercontinental, and continental, as there is one pdf per regime for the accumulation period), PD i is the probability density for the ith point/year-pair obtained from the pdf's corresponding to each regime. A location with an accumulation pattern similar to that observed in the maritime regime will have a higher average probability density from Figure 7a (PD maritime ) than the same average probability density derived using Figures 7b and 7c (PD intermountain and PD continental , respectively). Following this procedure, we can use the pdf's for the maritime, intermountain, and continental regimes to determine an average probability density using (1). These three average probability densities (one derived from each PD maritime , PD intermountain , and PD continental ) can be compared with each other to estimate the likelihood that the accumulation patterns at a particular location is closer to any of the three regimes. The same procedure can be performed for the ablation period using the pdf's based on the ablation period metrics (e.g., Figures 7d-7f ). On this basis, a rescaled metric (M regime ) of this likelihood is defined as
If the accumulation pattern (or ablation pattern) is closer to that of the maritime regime, then M maritime will be larger than M intermountain and M continental . Similarly, if the accumulation pattern (or ablation pattern) is closer to that of the continental regime, then M continental will be larger than M maritime and M intermountain . This procedure is repeated for all stations. The rescaled metric values can then used to map the type of regime that the measurement locations exhibit across the Western U.S. The procedure leads to six maps showing the spatial variation of the rescaled metrics across the Western U.S. (Figure 8 ). The rescaled metrics highlight the differences in the accumulation and ablation periods across the Western U.S. The metric values obtained using the maritime regime pdf's (Figures 8a and 8d ) decrease rapidly toward the East, with the highest values closest to the Pacific Ocean, and lowest values toward the easternmost portion of the mountain ranges of the continental U.S. Similarly, the highest values for the rescaled metric from the intermountain pdf's highlight that the stations displaying these relationships are located along the intermediate portions of the Western U.S., decreasing toward both the east and the west (Figures 8b and 8e) . Lastly, the rescaled metric from the continental pdf's consistently show that the stations with the highest metric values are located toward the easternmost portions of the mountain ranges in the Western U.S., decreasing toward the West with the lowest values closest to the Pacific Ocean.
The maps in Figure 8 highlight the natural variability of the SWE curve across the regions during the accumulation and ablation seasons. Clearly, there is a strong climatic signal that is reflected in the statistical properties of the SWE curve across the continental US. The metrics analyzed could be used to identify whether a station exhibits a regime that is closer to the three regimes identified in this analysis from a purely statistical perspective. Moreover, these metrics can be used to identify changes in station behaviorfor example, a lower elevation station in the continental region may begin to map more closely to the intermountain regime due to increases in temperature. The regime classification shown herein provides an important linkage between broad hydrologic signals (e.g., the timing and magnitude of snow accumulation and snowmelt) and variability in climate and the physical environment (e.g., elevation, orography, latitude, and continentality)-an important aspect of hydrologic classifications [Wagener et al., 2007] . Furthermore, Wagener et al. [2007] argue that hydrologic classifications should either account for changes in climate or should elucidate hydrologic response to changes in climate and associated drivers of change. While the work presented here does not explicitly identify the drivers of the regime classification, the use of both snow accumulation and snowmelt metrics as the basis for the classification focuses the analysis on the most germane hydrologic response with respect to climate change. In this context, changes in rain versus snowfall proportions and the timing and magnitude of snowmelt are considered to be primary drivers of hydrologic response to climate change [Barnett et al., 2005] .
Analyses of the impacts of climate change in the mountain ranges of the Western U.S. have shown statistically significant increasing trends in temperature and precipitation in the twentieth century [McCabe and , 2002; Mote, 2003a Mote, , 2003b , downward trends in spring SWE accumulations [Hamlet et al., 2005] , earlier snow melt and peak spring streamflow timing [Stewart et al., 2005] , and increases in rainfall versus snowfall apportionments [Knowles et al., 2006] . Model projections of snowmelt timing indicate future shifts toward earlier melt and snow disappearance, with greatest sensitivities in areas where air temperatures hover around 0 C [ Knowles and Cayan, 2004; Nolin and Daly, 2006] . Also, a decrease in snow cover duration is expected with regional warming, which has significant implications for the surface energy balance given the drastic differences in albedo between snow-covered versus snow-free landscapes. Also, recent studies have observed increased frequency and intensity of dust-on-snow events which have advanced the timing of snowmelt by weeks relative to dust-free conditions [Painter et al., 2010] . These various perturbations to the proportions of the SWE curve may lead to the crossing of thresholds in which system behavior is indefinitely altered. Our methodology provides a basis for baseline snow regime classification whereby future changes in SWE curve proportions can be evaluated.
Wolock
Conclusions
Persistent proportions of the SWE curve emerge from this analysis. The length of the snow accumulation season and total snow season length increases with peak SWE for values below 40 cm. Later snow disappearance dates correspond with deeper snowpacks and later peak SWE timing correspond with significantly faster snowmelt. Three snowpack regimes emerge from the analyses of the accumulation and melting proportions of the SWE curve, corresponding with climatic regimes of the Western U.S.: a maritime, an intermountain, and a continental regime. The maritime regime exhibits the largest peak snow accumulations, the shortest accumulation season lengths, earlier snowmelt season onsets, and higher ablation slopes. The continental regime exhibits lower peak snow accumulations, longer accumulation season lengths, later snowmelt season onsets and lower ablation slopes. The intermountain regime lies between these two accumulation and snowmelt patterns. Statistical analysis of intraregional variability in station behavior, relative to regional average behavior, highlights the natural variability of the SWE curve within regions and provides a framework to identify changes in station behavior, e.g., in response to changes in climate. The metrics introduced also provide a basis for establishing baseline SWE curve proportions to which future changes in snowpack processes could be compared. Increases in temperatures and precipitation, downward trends in spring SWE accumulations, earlier snowmelt, and increases in rainfall versus snowfall apportionments, among other changes, will affect the relationships presented herein, and their effects in snowpack dynamics across the Western U.S. could be identified through the use of simple metrics such as the ones introduced here.
